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AITE STABILITY OF A T¥IIT~ENGIHE MONOPLANE 
WITH PROPELLERS OPF.RATIIIO 
By Harold K, Sve'bevg 

SUMMARY 



Sxtersive force tests, covering a wide range of pro- 
peller thrust coefficients, have been made of a typical 
twin-en^^ine tractor mcnoplaiie model vrith the horizontal 
tail sii:;frce removed and r ttnch^d. Ke a Hii^r e ment s \^exe made 
with flal-G retracted nnd deflected at various an^^les of 
attack wibh different stf^tili v:er and elevator settings. 
The t33ts we^e made in the 0 or;-, j. i-. e e ' s full-scale tunnel 
at the Laiigloy Pie:norial Aeronrut icrl Laboratory, The lift, 
drag, aud pit ching-moment char? c t eri st ics of the model 
with propellers removed and operat.irg are shown, together 
with values of the effective dciAin.^ra^sh angles at the tail 
obtained from the pi t ching-mcmxn t measurements. Values 
arc also shovni ox the tail-surface c f f o ct i vene s s for the 
Various model pnd propeller ccndioions. An attempt has 
boon mauo to correlate the data of previous investiga- 
tions of the isolated horizontal tail-surface characteris- 
tics and of the r^ir flow in the rogion of the tail sur- 
faces with the force mcasiLremont s for the purpose of eval- 
uating the various interference and slipstream effects, 

IITTRCDITCTIOI:! 



As part of a general investigation directed toward 
predicting:; the effects of propeller operation on the sta- 
bility of Various "^^-pes of aircraft v/ith various po^^'-er- 
p'^.ant arrangements, extensive tests have been conducted 
in the ITAGA full-scale i^ind tunnel of a tyoical twin- 
engine tractor monoplane model. The tests included: 

1* Air-flow surveys in the region of the tail plane 
(reference l) 



2 



2. Force tosts of the isclatod horizontal tail sur- 

face ( ref oronco 2) 

3. Force tests of the ncdel vrith hori-^ontal tail 

surface ? removed 

4. Force t-jsts of the complete model 

The results of the force t^ots of the model with and with 
out the horizontal tail are given in the present paper. 

In the analysis, an stter.pt hps "been made to corre- 
late the data of references 1 and 2 with the results pre- 
sented her.;in f'^r the purpose of evaluating the various 
interference and slipstream effects. Some comparisons of 
the experimental results wlT.h the existing theory of the 
phenomena involved are ^^i''on. 
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Up normal force acting on a propeller inclined to 

the air strea-^ 

Cjj proToeller normal-force coefficient ( s^T ) 

^ ^ pn D 

Glq lift-curve slope for infinite aspect ratio 

p airdensity 

n propeller rotational speed 

V local ve loci ty 

free-stream velocity 

a velocity-incr ement factor at propeller disk 

s velocity-increment factor "back of the propeller 

disk 

q local dynamic pressure (^^^^^ 

q.^ free-stroam d^/namic pressure ( "2^^^^ 

(^/q.o'^ ratio of avera-^o dynamic pressure at the tail, as 
foimd from air-flow surveys, to frGo-stream 
dynamic pressure 

N num.her of propellers 

D propeller diameter 

S wing area 

"b span 

c mean geometric chord 

Cp chord of wing directly "behind the propeller axis 

li distance of quarter-chord line of horizontal tail 

surface from, center of gravity of model, meas- 
ured parallel to thrust axis 

I3 distance from elevator hinge lino to the center of 

gravity of model, measured parallel to thrust 

axi s 
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y lateral dista,nco from center line of model 

X distance from propeller disk to wing center of 

pressure 

a angle of attack 

8 deflection of movalDlo tail surface 

€ downwash angle relative to free-stream direction 

^av average dov/nwash angle at tail, as found from 

air-flow surveys 

^eff effective downwash angle at tail, as found by 

comparison of pitching moments with and without 
horizontal tail 

X empirical factor used in formula for increase in 
lift of v/ing due to slipstream velocity 

Subscripts: 

w wing 

f flap 

P propeller 

T thrust 

8 slipstream 

i portion immersed in slipstream 

t tail 

is isolated tail surface 

S • st ahili zer 

e ■ elevat or • 

r rudder 

TH trim 
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DESCRI^TIOiXT 0'^ MODEL A'TD TESTS 



The MCA full-sca3e tunnel is described in reference 
3, and the methods by v^hich the data were corrected for 
.jet-boundary and blocking effects are discussed in refer- 
ences k and S, The complete model is described in refer- 
ence 1 and the Isolated horizontal tail surface is de- 
scribed in reference 2, where it is referred to as the 
minimum- balance tail. A T:)hotograph of the model as mount- 
ed in the wind tunnel is given in figure 1. Sketches 
shovv^inf^ the imporbant; d iccensions of the comulete model 
are given in figure 2, a-'d of the isolated horizontal tail 
surface in figure 3. The center -of- gravity location was 
arbitrarily assigned to be located alon.?; the fuselage center 
line at the wing- chord point. Thic- assuiription was necessary 
in order to obtain a reference point for the mom.ent 
calculations. 

The force tests included lift, drag, and r)itching- 
moment measurements of the model both without the hori- 
zontal tail surface and vvith the horizontal tail surface 
with various settings of the stabilizer and elevator. 
Most of the tests included the effects of Tyrone Her op- 
eration and were made with flaps retracted and flaps de- 
flected 50 . Some tests were made, vvith nrooellers re- 
moved, of the elevator hinge iToments and rudder effective- 
ness. The effects of nacelles on the aerodynamic charac- 
teristics of the model with nropellers removed were also 
investigated. 

The thrust coefficient is defined as 



effective thru st D> - Pj^ 



(1) 



where D« and IV are both measured at zero lift coeffi- 
cient. The thrust coefficient was determined as a func- 
tion of v/nD for the flaps-retracted condition. Figure 
k shows the variation of propeller thrust coefficient 
with v/nD. For each angle of attack, the thrust was var- 
ied to include both high and low thrust coefficients; ac- 
cordingly, the thrust coefficient at any Particular angle 
of attack did not necessarily simulate a practical flight 
condition. 
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RESULTS AND DISCUSSIOIT 



The results of the tests have "been analyzed in two 
parts. One part includes the effects of propeller opera- 
tion on the forces of the wing- fuselage combination. The 
other part includes the effects of propeller operation on 
the forces and air flow at the tail and on the tail effec- 
tiveness. The second part also includes a discussion of 
the aerodynamic characteristics of the isolated horizon- 
tal tail surface and comparisons of the isolated and at- 
tached horizontal tail surface. The propeller forces 
have been taken into account in the discussion. 



Effect of Propeller Operation on 

Wing-5'u se lage C oinbinat i on 

The propellers-operating lift and pi t chi ng-moment coef- 
ficients for the model with the tail surfaces removed are 
plotted in figure 5 for the flaps-rot r^ ct od condition and 
in figure 6 for the f laps-dof lo ct od condition. The effects 
of propeller operation on the forces of the wing-fuse lagc 
combination as shown in those figures include the direct 
effect of the propeller forces as well as the effects aris- 
ing from the increased velocity and change in direction of 
the air flow at that part of the wing immersed in the slip- 
stream. 

I' i f t The increment of lift due to the components of 
the propeller forces acting in the lift directif^n is 

ALp = T sin ajp + Np cos am 

a nd 

AC^p - % '-'^ -T ^ 2. - 

VnD 

The second term of the right side of equation (3) (the lift 
increm.ent dtie to the normal-force cempcnent of a propeller 
inclined in pitch) is usually negligible, although the 
pitching moment produced by it may bo important. Methods 
for cr^,l culat ing this increment are given in reference 6. 

^or the increment of lift resulting from the passage 



(2) 

(3) 
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of the slipstream over a prrt of the wing, the semi- 
empirical formula of reference ? has been found to give 
satisfactory results icr a v^'ing without flaps: 



b.- cp r 



(4) 



In this e::pression c, is the local lift coefficient, 
withrut slipstream, of the airfoil section at the propel- 
ler ro.'.ter line nnd' "b^i^ is the span of that portion of 
the i^in^; ir-merscd in the slipstream, vhich, for twin- 
engine operation, is t^nken here as 

The velocity-incr amont factor h.^ck of the propeller disk, 
s, is given in reference 7 by the expression 

s = a/l + . ^ \ (6) 

\ y -4- ^ 



and the velocity-i ncr omont factor at the propeller disk, 
at as dotcrmincd from the momentum theory, is 

The term is the propeller downwash resulting from the 

inclination of the propollor axis to the direction of mo- 
tion. If the effects of the viscous forces of the air 
stream '^.re neglected, the propeller downx^rnsh angle is given 
in reference 7 as 

£p = ^ (8) 

Vl 4. a/ " 

The factor X, introduced because of the change in circu- 
lation over the v/ing, is plotted in figure 7 as a func- 
tion of the aspect ratio of the part of the wing immersed 
in the slipstream. For tv/in-engine operation, the aspect 
ratio of the part of the v/ing immersed in the slipstream 
is taken, according to reference 7, as the ratio of the 
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distancG botvcon the oiitor:::cot tips of the propellers a.nd 
the chord of the v^ing directly oehind the propeller center 
lino. A comparison iDetv/een the experimental lift coeffi- 
cients and the values calculated from equations (3) and 
(4) for the flaps-retracted condition .is given in figure 
8. The agreement sho\;n is good. 

VJith flaps deflected, the values of X shown in fig- 
ure 7 do not hold, possihly "because of the marked effect 
of the slipstream on the flappad-wing ''"ortex system. It 
was noted in reference 7 that equation (4) gave good re- 
sults for a model with flaps deflected if X was multi- 
plied hy a factor of 1.4- Calculations of the propellers- 
operating lift coefficients usinc a value for X from 
figure 7 multiplied hy 1.4 showed satisfactory agreement 
with the experimental results -at low angles of attack hut 
wore too high at the higher angles of attack (fig, 9)» 

Pit ching moment s.- Inasmuch as the thrust axis is 
slightly ahovo the center of gravity, the thrust causes a 
small increment of diving moment (fig. 5) for the flaps- 
retracted condition. At high angles of attack this in- 
crement is neutralized to some extent hy the positive mo- 
ment due to the normal-force component of a propeller 
inclined in pitch. A few calculations showed that, for 
the ilaps-retractod t ail-r erncved condition, nearly all of 
the change of pitching moment could he accounted for hy 
the propeller forces. The effect of the slipstream on 
the wing pit ching-moment coefficient may therefore he con- 
sidered negligihle for this airplane, 

Flap deflection caused a large increment of diving 
moment (fig. 6)" which may he considered the result of the 
change in camher of the flapped portion of the wing. This 
increment of diving moment is further increased hy pro- 
peller o-peration. The effect of slipstream on the pitch- 
ing moment of the wing with flaps deflected may he con^ 
siderod as resulting from the change in wing lift and from 
the increase in the actual pitching moments of the flapped 
wing sections ahout thoir aerodynamic centers. The incre- 
ment of lift due to the slipstream is assumed to he ap- 
plied at the wing aerodynamic center, v/hich for this model 
is an-eroximat oly coincident with the assumed center-of- 
grav'ity location. The increment of pitching moment due 
to tho*^ wing-lift increment is therefore negli.rihle. The 
effect of the slipstream on the wing x)it ching-moment coef- 
ficient with flaps deflected may he expressed as follows: 
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iiJ'i(JL.l) (9) 



where ^^m^ ^^^^ propellers-removed increment of 

pi t chin.c^-riioment coefficient resulting from flap deflec- 
tion and ^f^/^f "^^6 ratio of the area of the flapped 

portion of the v/ing immersed in the slipstream to the 
flapped portion of the wing. If it is assumed that the 
velocity-increment factor hack of the propeller disk is 
equal to 2a, equation (9) oecomes 

Sf, =w, 

f ^V/ 

A comparison is given in figure 10 of the experimental in- 
crement of pi t ching-moment coefficient due to the slip- 
stream and the values calculated from equation (lO) at 
aj = 0^ . and arp = 10^ for 5^ = 50^, The agreement is 

good at = 0^" "but some discrepancy exists at am = 10^ • 



^Forces and Air .5'lo\\r at Tail 

Tail sur f ace ch ara cter ist ics, prop el lers removed . - The 
lift, drag, and pi t ching-mom.ent coefficients of the model 
with the tail on and with the flaps retracted and deflect- 
ed 50^ are sho^vn in figure 11. The results with the hori*- 
zontal tail off pre shown in figure 12. 

Por the complete rnxdel, tests ^-^ore made to determine 
the effects of flaps, nacelles, and angle of attack on the 
elevator and stahili-^er effectiveness. The results of the 
elevator-effectiveness tests ^re given in figures 13 
through 15 and the results of the stabilizer-effectiveness 
tests are given in figures 17 and 18, The elevator effec-- 
tiveiiess decreased or increased slightly with angle of at- 
tack as the horizontal tail advanced into or receded from 
the wake. An increase of ahout 7. percent of elevator ef- 
fectiveness v/as measured when the flaps were deflected, 
which may he explained oy the fact that the stronger down^ 
wa.sh when the flaps are deflected carries the wake down 
so that the tail enters it only at the highest -^ngle of 
attack. The stabilizer effectiveness showed no appreciable 
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change as a result of varying the angle of attack o- the 
Ei'^del or of deflecting the flaps, except at the stall. 
The addition of nacelles to the la^del resulted in little 
change of either stahilizer or elevator effectiveness. 

The horizontal tail surface has an sppreciahle ef- 
fect- on the vertical tail-surface effectiveness. Ac- 
cwrding to reference 8, the horizontal tail surface acts 
ns .-n end plpte for the vartic.^l tail surface nnd in- 
creasep. the effective aspect ratio of the verticnl tail. 
The variation of wi ng-mcnont coefficient with rudder 
deflection if. shown in figures 19 to 28 for ^^^^^^^P^"^^^ 
retracted and the flaps-deflected conditions ^nd with the 
h-^rizontal t.il surface ntt.ched to the model and removed. 
The rudder effectiveness dCn/d6r ^'^^^^ horizontal 
tail surface removed was estimated, according to refer- 
ence 9, to he -0.00062 -nd. according to reference 8, to 
y)e increased to -0.00079 when the horizontal tail surface 
was attached to the model. These values are in close 
.preement with the experimental values. Flap deflection 
resulted in only . Blight increase of rudder effectiveness. 

The effect of deflecting one tail surface on the ef- 
fectiveness of the other is shown in figures 23 and 24. 
The test results indic-^te that . for this type of empennage, 
the effectiveness of the horizontal tail surface is inde- 
pendent of the deflection of the vertical tail surface 
n nd vi ce ver sa . . • 

"The elevator angles for trim (Cm = O) are shown in 
figure 25 for hoth the flaps-retracted *>nd the flf-Ps- „ 
•deflected conditions. A maximum chmge of only 2 
elevator deflection- was necessary to trim the model ^^J^y 
angle of -tt»ck as a result of deflecting the flaps. This 
smhl change of elevator deflection necessary to trim the 
model results from the increased downwash at the tali 
(caused hy deflecting the flaps), which heutralized. to a 
large extent, the increment of negative pitching moment 
due t o the flaps . 

■ The horizontal tail surface used on this model was 
tested alone and the results of the tests have heen re- 
ported in reference 2. A summary of the variation oi 
rorrnal-force coefficient -.nd chord-force coefficient with 
tail 'angle of attock for elevator deflections from 0 to 
50° is given in figure 26. The slopes dCjj^/d6g and 
aCjj^/d6o for the isolated -hcrizor-tal tail surface were 
found to he 0.050 and 0.03?, r e tp^' i vely . 
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A comparison of the 


i s c 1 n t 


od tail-surfpce 


parame t or s 




vrith the corresponding 


va lue s 


for the tail surf^^ce when 


^^rttached to the model 


can he 


made- "by rneons of the following 


equat i ons : 






o_ 

;io 


^ w 

St W 


■ (11) 


and 








dC,. 


dC^ 

a 

0 




■ (12) 


The distp.nce.s nnd I 


2 • '^^^ 


, re spoct ively , 


the distance" 



from t'he quart er-chord •point- of the horizontal tail surface 
to the center of gravity of the model and the distance from 
the elevator ' hi2i.ge line to the center of gravity of the 
model • Values i\or the dynamic pressure ratio Q./q.q have 
"been ohtained from the surveys of reference 1 and repre- • 
sent a-riflmet .ical -averages. Tahle I gives values of 
^^N^./.^Ss and dC.jT^/d.6e calculated from equations (ll) and 

(12) for Various angles of attack and model- conditions, 
together with the corresponding values- of ^^m/^^S.. 
dOj^/dSg ohtained from the test results. It will he no- 
ticed from tahle I that the values for the slope ^iCjj^/d6e 

as ca.lculated from the test results are in close agreement 
v/ith the Value measured for the isolated tail for m.ost 
cases; the values, however, foi*. clC]^^/d6s are 4 to 20 per- 
cent lower than the value measvired for the isolated tail. 
This discrepancy may he partly accounted for hy the effec- 
tive reduction of s^tahilizer area caused hy the intersec- 
tion of rtho fuselag.o and the stabilizer. A comparison of • 
the experimental values of dC^j-^/dSs- . and dC]^^/d6e for 
arjT =.0^ vrith Values calculated from reference 10 is given 
in figures 37 and 28-: 



The var iat i on ■ of elevator hinge-moment coefficient 
with elevator deflection for the isolated and attached tail 
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(arp = 0^), together with the theoretical values computed 
from thin-airfoil theory, is shov;n in figure 29. The ex- 
perimental Values for the isolated and attached tail are 
in f:£\tisf actory agreerr^ent hut are lovrer than the theoreti- 
cal value t 

Ele V a tor effecti vene ss and dynamic pressu re at tail , 
prop ellers operati ng.- The variation of pit ching-moment 
coefficient v^ith elevator angle for various angles of at- 
tack and thrust coefficients are given in figures 30 to 
32 for the flaps-retracted condition and in figures 33 to 
35 for the flaps-deflected conditicn. At constant thrust 
coefficient the elevator effectiveness increases with an- 
gle of attack. The reason for the increase of dCj^/d6e 
with angle of attack will ho ntvious when it is considered 
that the elevator hinge line is near the top of the slip'^ 
stream at low r^ngles of attack hut progressively approache 
the center of the slipstream as the .^^ngle of attack is in- 
creased (reference l). The elevator effectiveness for the 
flaps-retracted condition is considerahly higher than the 
elev.-^.tor of f ect- ivene s s for the flaps deflected condition. 
This result is due to the fact that the slipstream center 
line is depressed farther holow the elevator hinge line 
with flaps" deflect od than with flaps retracted. 

It has hoon shown th'-U, ^ith propellers removed, the 
elevator effectiveness is approximately pr r»p or t i onal to 
the average dynamic-pressure ratio at the tail; that is, 




(13) 



Accordingly, for those conditions, the effective dynamic 
pressure appr oxim^^ t ely equals the average dynamic pros- 
sure. This proportionality no longer exists at the higher 
thrust coefficients; for such conditions, the effective 
dynamic pressure is loss than the average found from the 
surveys^ This effect is illustrated in tahle II, vrhlch 
gives a comparison hotii^eon the measured dC/n/d6o the 
values calculated from equation ( 13 ) , The values of 

(q/qn) were obtained from the surveys of reference 1, 

av 

Tahle II shows that the calculated values are ahout 10 
percent higher than the experimental values for most cases 
The difference hetweon the r.easured and the calculated 
dCjri/d6c is prohahly duo to the finite extent and nonuni- 
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fornity of the slipstroan. Previous tests of .several 
types of airplanes (roforonco ll) showed a sinilaf* discrop- 
?^ncy 'botvreen the measured elevator c f f o ct i vono s s and the 
elevator effectiveness calculated fror.: equation (l3) at 
^ high Values of thrust coefficient. In fi^z'^re 37 the rneas- 

ured dO-^,/d5e has hocn plotted against the calculated . 
valtie and a curve shov/ing the relationship hetween the tv;o 
has "been ohtainod. This curve deviates from the theoret- 
ical 45'"^ slope hy approximately 11 percent. 

Downw ash at tail .- In reference 1 are given values of 
the average downwash at the tail, with propellers removed 
and operating, a s ' de t ermined from the surveys. From meas- 
urements of the pitching moments of the model with stahi- 
lizer set at various rnglcs, a comparison has "been made 
"between the ef f ec t i ve ' and the average downwash angles. 
The effective downwash anf^les were determined hy comparing 
the. values of angle of attack and stabiliser incidence for 
which the tail contributed sere pi t chi ng-mo,ment coefficient. 

ligures 17 and 18 give curves shewing the variation 
of .pitching-moment coefficient with stahili zer. sot ting at 
various' angles of attack for the pr opeller s-rem.oved condi- 
tion".' Valines for ^eff have been obtained from the curves 

of. figures IT and 13 and are compared with t.he values of 
^ obtained from the surveys of reference, 1 for both the 

flaps-retracted and the f Xaps-def lect ed conditions in fig- 
ure .'58, The a-vreement between ^eff ^^^^ ^av Is good 
(within 1^). . 

The rfe suit s ■ of the stabili zer^cf f ect iveness tests 
with propollors operat ing.. and vrith flaps retracted and de- 
flected 50^ are shown in figures 39 to 42. Table III 
gives a comparison between, .the effective downwash angles 
obtained ' from these figures and the average dov/nv;ash an- 
gles obtained fr.om the siirveys of reference 1 for the 
flaps-retracted a-nd flaps-deflect ed .conditions . The agree- 
ment between the effective an'd. the. average downwash an- 
gles' is satisfactory ( v/dthin 1^) .at low angles of attack; 
at high angles of attack, however, t-he effective downwash 
angles are somewhat 'lower than the 'average doxvnv/ash an- 
gles. The reasons for the differences betvjeen ^eff 

€ „ at the high angles of attack are not very clear, but 
av 

it. is likely that the nonuni.f ormi ty of the slipstream 
and the pulsation of the air flow may contribute to the 
lew values of Cc.-p-f* 
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A theoretical solution for the resultant downwash an^ 
gle at the tail with propellers operating has ^een the 
subject of extensive research, but as yet no generally 
satisfactory method exists for its prediction. Several 
factors may influence the resultant .^^ngle of downwash at 
the tail, chief among which are the downwash due to the wing 
and the fuselage (propellers removed), the inclination of 
the thrust axis t o' the free-stream direction, the thrust, 
and the torque. From experimental data, an attempt has 
\)QQn made to study the order of magnitude of these various 
factors. 

In references 1 and 12 comparisons ^-re made "between 
the average downwash angles --^ t tho tail as obtained from 
surveys (rir o-peller s removed) and tho theoretical wing 
downwash angles computed from tho charts of reference 13. 
Tho agreement shown "between the average and the theoreti- 
cal downwash angles was satisfactory, which indicates 
th^^t tho presence of the fuselage does not materially af- 
fect the downwash at the tail^ 

When propellers are operating, there exists an in- 
crement of downwash associated vrith tho increment of lift 
at tho wing and an increment of downwash associated with 
the vertical component of the propeller forces. The pas- 
sago of slipstream over the wing may he considered to re- 
sult in a change of tho lift distribution over the wing, 
with a corresponding change ox downwash. The vortical 
component of the propeller forces arises from the inclina- 
tion of the propeller axis to the free-stream direction. 
Measurements by Sttlper (reference 14) showed no appreci-^ 
j=blo variation in downwash .•^^ s tho angle of inclination of 
tho propeller was varied with respect to the wing. 

A further increment of downwash at the tail may ex- 
ist as n. result of tho rotation imparted to tho air stream 
by the propeller. For a twin-engine ^^irplane operating 
pt l.-^rgo torquo coefficients, the slipstream rotation may 
have considerable influence on the downwash at the tail, 
depending on the direction of rotation of the propellers 
(references 15 and 16). For propellers rotating in the 
same direction (as for the case of this model), the down- 
wash across one semispan of the horizontal tail surface 
will be -reater than the downwash across the other semi- 
spnn. The effect of slipstream rotation on the .downwash 
distribution at the tail of this model is illustrated in 
figures 43 to 46 for the flaps-retracted and flaps- 
deflected conditions. The local downwash angles were ob- 
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t^.ined from the surveys of reference !• Since the span 
of the horizontal tail surface is approximately equal to 
the dista^nce l^etween propeller center lines, the hori- 
zontal tail is mainly affected "by the flov; frorn the inner 
halves of the two slipstreams. With flaps retracted, the 
downwash at the tail on the side effected hy the upward r. . 
strokes of the propullor "blades was reduced, whereas the 
downwash at the tail on the side affected "by the downward ■ 
strokes of the propeller "blades was. increased. This ef- 
fect was reversed when the flaps were deflected; that is, 
the downwash on .the side of the upgoing "blades was in- 
creased, v.'heroas the downv;ash on the side of the downg-^ing 
iDlades was decreased. It appears, however, that the re- 
duction of downwash on one side of the tail due to the 
upward components of the slipstream rotation is approxi-- 
mr«tely equal to the increase of downwash on the other side 
due to the dov/nward components of the slipstream rotation. 
The net effect of the slipstream rotation on the avera^^e 
down\vash across the complete tail span of the model is 
therefore prolDatly ne^-ligihlo . 

Tail contrilput i on , pr o pel ler s o perat i n,g: The pitching- 

moment and the lift coefficients at various values of thrust 
coefficient for the tail-on conditions are plotted against 
angle of attack in figures 47 and 48. S^i^'^res 49 and 50 
show the pi t ching-moment coefficients due to the horizontal 
tail surface, as ohtpined fron t^^il-on and tail-off pitch- 
ing-moment measurements, plotted against angle of attack 
for Various values of thri-ist coefficient. 

As a result of the increased downwash at the tail due 
to the t/rust, the effect cf 'orcpelJcr operation is to 
increase t he . downward force on the tail. With flaps re- 
tracted, the stalling moment resulting from the increased 
downwa^sh at the t n i 1 counteracts the diving moment cj^usod 
"by the location of the thrust axis v;ith respect to the 
center of gravity of the model. With flaps deflected, the 
increased downvash at the tnil due to flap deflection and 
propeller thrust increases the downv;ard force on the tail. 
This force results in a stalling moment, vrhich neutral- 
izes, to a large extent, the diving moment caused by de- 
flecting the flaps. It must also bo pointed out that 
there is a comparat i voly large chpngo in the forces at the 
tail v:ith angle of nttack resulting from the f^ct that the 
tail adva,ncos into tlic slipstream with increasing angle 
of attacki 
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With flpps retr.^ctod. tlio effect of propeller oper- 
ation on the slope of the curve of pitching moment agninst 
c^n^^le of -^ttpck (T - constant is shown in figure 47, 

At positive ==ngles of attack, the slope progressively in- 
creases with increase in thrust coefficient* Figure 47 
also serves to show the effects of propeller operation 
on "balance. Thus, with propellers rer:oved, the model 
trims at a.^ = 5.9^ ^nd at = 1.20, the angle of at- 

tack for trim is increased to = 10.3^. This change 

of trim angle v/ith thrust is attributed mainly to the in- 
creased dovjnwash due to the thrust. 



SUHHAEY 0? RESULTS 

From tests of a twin-engine tractor monoplane model 
with propellers rotating in the same direction, the fol- 
lowing results are summarized: 

1. For most conditions, the stahilizcr effectiveness 
of the isolated horizontal tail surf-^ce was reduced ahout 
12 percent hy attaching the tail surface to the model hut 
the elevator effectiveness was not appreciably affected. 

2. With propellers removed, deflecting the flaps 50^ 
increased the elevator effectiveness about 7 percent; with 
propellers operating, however, deflecting the flaps de- 
creased the elevator effectiveness considerably. 

3. The horizontal tail surface acted as an end plate 
for the vertical tail surface, thus increasing its effec- 
tive aspect ratio. With the horizontal tail surface re- 
moved, the rudder effectiveness was about -0.00062, which 
v/as increased to pbout -0.00077 when the horizontal tail 
surface was attached to the model. 

4. The increment of lift at a wing with flaps re- 
tracted, caused by the passage of a slipstream over it, 
may be computed with satisfactory accuracy by the methods 
of reference 6. 

5. The effect of the propeller slipstream on the 
wing pitching moment with fl-^ps retracted w^ s negligible 
for this model. 



6* Deflecting the flaps cpused a large diving moment 



v/hich incroased with thrust coefficient. This diving mo-- 
ment was noutralizod to a large extent, hovrevor, "by the 
increased do\\rnwnsh at the tail due to flap deflection. 
As an example, v/ith the horizontal tail surface removed 
and at zero angle of attack, deflecting the flaps caused 
an increment of pi t ching-moment coefficient of -0.140, 
which increased with thrust to -0.375 at a thrust coeffi- 
cient of 1,2. I'-^ith the horizontal tail surface attached 
to the model and at zero angle of attack, deflecting the 
flaps caused an increment of pi t ching-moment coefficient 
of -O.OOl, which increased with thrust to -0.093 at a 
thrust coefficient of 1.2. 

7. With propellers removed, the elevator effective- 
ness was approximately proportional to the average dy- 
namic pressure at the tail; this proportionality did not 
hold for the propellers-operating condition. 

8. The dynamic pressure at the tail generally in- 
creased v/ith angle of attack because, for this airplane, 
the tail was near the top of the slipstream at low angles 
of attack and advanced into it as the angle of attack in- 
cr ea s.ed ♦ 

9. ■ With ,pr o"Dellor s removed, the effective downv/ash 
angles wore in- p^ood agreement with the average .downwash 
angles;. v;ith propellers operating, however, the effective 
dov7nv:ash angles were somev/hat lower than the average 

"downwash angles at the higher angles of attack. 

Langley Memorial Aeronautical Lahoratory, 

Hat i onal Advi sory Committee for Aeronautics, 
Langley Field, Va • 
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TABLE II ► 

COMPARISON OF CALCULATED AND EXPERIP.TENTAL 

ELEVATOR EFFECTIVENESS 

[propellers operating; nacelles off. . Values 
of (q/qo)av ^^^^ reference IJ 
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Figure 1.- InstaUation of stability model in the NACA fuU -scale wind 

tunnel. 
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Fi^re. 2.- Three-view drawing of -sta^bility model. Nacelles off. 
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F/jure 3.- Homonial tail ^ur/ace . Tofal cxrea, ^7 scj -ft ; stabilizer area, 
IS.9 sc^ ft J Glevafor area, //./ s<^ ff^ taper ratio, 2--I s aspect- rafio^ <i.7; 

air foil ^ect/on. N n C i^ 0009. 
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Thrust coefficient, 

Figure 4.- Thrust coefficient as a function of propeller advance-diameter ratio. 
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FiOjure S,- F/Zec-f of prope//^r ojo^rcr^/on on 
rmodc/ //// and pjfchfnc^'nnom^nr coe-f-^/cz/cnts. 
_ i"/ ^ 0° J ncracJ/e-s^ offj horjzon-tat/ o(nd vertical 
fail surfaces rcmo\/^d^ 
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Ftcjure, ^ — Effcci^ of^ pnopc^Z/cr ope^rahon cn 
mode,! lift and ptfchincf - mom^n^ coe-F-f i<:f^nt^, i^^SC^^ 
macs lies offj horizontal and vertfcal fail surfaces 
remo^ed^ 
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Thrust coefficient, T. 



Figure 8.- Comparison loetw.^on oxnoriraen tal ani calculated lift coa^^f ioiont • 



1^11, Oil. 



MCA 



Pig. 9 




Figure 9.- Couparison ^oaf.veen erperimantal and calculated lift coefficient. 
6f, SCJ; nacellGs off, to.il off. 
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Figaro 10.- CoiTipa.rison botv;oon oxporirriGntal and calculated incromont of 

pitcliirxg-moinont coefficient duo to slipstroain, 6^, 50^, 
nacelles off, tail off. 



1.2 




PropG //e^rs removed- nace//c^ on- fail on. 




removed^ ncice.//e<, on ^ hc^r fzon i-^y / -^ai/ ^ur/acc 



W25 




-JO 



ancf/es of attack, A/ace//cs o-ff ; ^ O^j prope/lers, 



















1 


'cc 

'2/7 
2.1 

a. 9 


1 










N 














«> 

K 












\ 












CI 

A. 










\ 


























\ 


P \. 




























" - \ 


























V 




























\ ^ 
\> 


























V 


























> 


























\ J 


\ 
























































In 
























































s 



















































































30^ 



-30 '20 O /O 20 

E/evcxtor de-f/fsct/^n , <^ , o!?^ 
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r'lqure ^3.- Variation of k////? -f^r 

\/arious G/eva^or deflect/ons. Nacelles o-ff^ 
£f f O", prope^ller^ removed . 



Elevator def/ccfton^ ie , decj 
riaure ^<^— Variation of with <fe for yar/ou^^ 
rudder def/ect/ons. Nacell^ss off; O"": ^ 
prop(^//ers rc mav^d. 
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Figure 25.- Elevator nns^^les for trim as a function of angle 
of attaclc. Propellers removed; nacelles on. 



NACA Fig. 26 
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ric)ur€ 36,- Isolated hon-zontal fail sur-fcfce cho(rocfer/si'c^, 
\/a r/af/on o-^ Cf^ and v^/fh oc^ od \/ar/ous ^/e\/o/-or 

dG-fl^ci-zcns . ^rom rtf /cr cncc £ j f/^ure. ^ 
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Isolated tail \ 

Complete airplane) ^^^^^^^^^"^^1 
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Stabiliser an-rle, ^ ; ^ deg 
Figure 2V%- Variation of C>f with 6g for thu isolated and attached hori- 
zontal tail surface together YvH th values computed for the 
isolated tail, PropeD.lor? reriovod. 
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•El.:.vator deflection, 6^, do^ 



Fi^iro 28,- Variation^ of Oj^ with 6^ for the isolated and attached hori- 

sontal tail surfaco togothor with values computed for the 
isolated tail. Propellers renovod. 
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Zigaro 29.- Variation of vlth 6^ for thj isolated and attacliod iiorizontal tail surface together 



with values conputcl for the isolated tail. Propellers .rpmoved* 
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^icfure 30r \/Qr/o+/on o-f Cry) kV///7 for various ihrost 

cccff/cJent^, or^ ^ -c^,/^ ^. if^O" j nacG//e.s off. 



NAGA 



Fig. 32 



0 

>- 

C 

I 




^icfure. Von at/on o-f Cr>o )v/V/7 ^ for varicu^ fhru^-^ 
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ficjure. 33." Voria-hfon of C^r) \A/t-/-h ef^ a-^ var/cc^ 
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Ficfure. Variofion of Cm w'l-f-h ^ ai various ihro^-f 

coefficients oc^ , o.S° ■ <f^, j nace//e~s af-f. 




F^lcfure. Vort oifon of wiih at vorio'y^ ihrusi" 
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Fic^ure Variafiof) of Cm w/V/i ^'^ various ^hrcst 

coefficienis. aCj. , /3.0° j ^ •^O" ■ nacel/cs off. 
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figure 37.- Conparison botv;oon cxpcrimontal and calculated olovator off octivonoss. 
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Sfioctivo downwash cmglo, €^ff 

Ave rag 0 dovmv/ash anglo, cav, 
from reference 1. 
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Angle of attack, cun. deg 
Figure 38,- Comparison between average and effective dov;nv;ash angles 
at tail. Propellers removed; nacelles on. 




Figare 40.- Vario.tion of :7itli 63 at various angles of attack. T^., 0.619; 
6^, 0^; nacelles off. 




Figure 42.- Variation of C.^ v;itli 6g at various ans;le3 of attack. T,,. 0.619,' 
6f, 50^; nacelles off. 
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Loie.roLl disiornc^ from cz^nfer line, of airp/anc 
p^rceni: hor fzonia f fail span 

F/cpure 4-3>,- Di-s-^rlbuf'/on of dov^nv^a^h across span of hor/zunfol 
fail surface. Tc^OJe/ j ^^f , ; nac^^Uei off. Va/ue s of 6 rr:jrri n.J. L 



o 



Mca^ur<sd ' dov^nv^ash anc^/es | { 



Fig. 44 



(a) oc^, -39 J ,-0.<^SO 




LuT'crof df^fO'^ice from cen-t^r line of a'lrp la ^ j 
jue-rC€:nf hQr/^an^^a/ -/a '/J ^pan. 

/^/c^urG </<^."" D l^fr) bui ion of Q/ay^nKA/a^ across span of 
hcr/F.on^cx/ ^a'll surface. j /■ So j " ^ nocc/Ze^ a/f. l/a/ocs 
of e -from reference /, 
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<^o 3o /o o /o zo so 

percent hcr/xonia/ ia/l spocn 

Ficjurc ^S.' O'/^tri but ion of doy>/n^ci^h across >span of 

hori^anfal fail surface, 7^ jOJ6/ j if^SC^j nQceH^^ off. Valuer 

of e from re-^c. nee /. 
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Lai era I di si a nee, -from C€,n-^er hnc of- atrp/ane.^ 
^/b^ ^ percent hor 'izonial -/a'/ spur) 

F'icfur^ 46.- D'/sir/ 6uf/on of a/o^ni^/ash excross span of nor/zcn/al 
fa// surface. Tc, /20 ^ S'^^SO^'j nacGi/es off. \/a/ue^ of ^ -from 
/reference. /. 




ficfurc <^7 - ^ff^sc^t of prope/Zc/- operoff/'on an ryicd^ / //// 
and pitching- rnoment ca^ff/c/ents. , 0° ; honzcania/ fof/^^; 
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FfCfurG <^<5. - ETi/scf of propG//e>r opera f/on on mocf<i/ 
I iff and p/^chfn<f ' mame n-t cc^f-fi'citznf^ * <f^ , S'O" horizonfal 
ioi/ on- noce//e^ off* 
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Figure 49.- Variation of tail pitching-moment coefficient with 
angle of attack. Hacollos off; 5^ = 0°. 
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Figure 50.- Variation of tail pitchinr-mcnont coofficiont vith angle 
of a: J. f... iTaccllcsj off; 6. - 50*^. 



